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Description 

[0001] This invention relates to the field of optical bi- 
osensors and the application of optical biosensors to bi- 
ochemical analysis, particularly in combination with 
standard biochemical analysis techniques and equip- 
ment to permit automated analysis. 
[0002] Optical biosensors are devices which make 
use of the refractive and coupling properties of light to 
detect the presence of substances on a surface. Usually 
integrated optical biosensors have a waveguiding film, 
of a certain refractive index, which forms the surface 
which the sample of the substance contacts. A base 
sheet, which has a lower refractive index than the 
waveguiding film, contacts the waveguiding film. A grat- 
ing coupler or prism coupler is then positioned to coop- 
erate with the base sheet to incouple light that Is shone 
on the base sheet through the coupler. Monochromatic 
light is then shone on the base sheet through the coupler 
and the in- or out-coupled light monitored. Changes in 
the refractive index of the waveguiding film caused by 
molecules binding to it can be detected by observing 
changes in the angle of the emitted, out-coupled light 
To detect the presence of specific substances in the 
sample, the waveguiding film can be coated with a com- 
plementary substance which specifically binds to the 
first substance. 

[0003] An example of a biosensor that uses a grating 
coupler is disclosed in European Patent 0 226 604 B. 
This biosensor comprises a base sheet joined to a 
waveguiding film; the surfaces of the sheet and film that 
join together being formed into a grating coupler or 
Bragg coupler. This grating coupler can be a unidiffrac- 
tive or multidiffractive structure. The refractive index of 
the waveguiding film is higher than that of the base 
sheet. A chemo-sensitive substance is coated on the 
waveguiding film in an area of the waveguiding film that 
contacts the sample. A laser Is used to direct monochro- 
matic light towards the grating coupler at a selected an- 
gle of incidence. The position of the laser or of the grat- 
ing coupler is then altered to change the angle of inci- 
dence until light is incoupled in the waveguiding film. 
Any change in the effective refractive index caused by 
molecules binding to the waveguiding film, disturbs the 
incoupling condition and the angle of incidence must be 
changed to correct for this. Hence changes in the angle 
of incidence (and this correlates directly to the position 
- of the laser with respect to the grating coupler) required 
to maintain the incoupled light are monitored. These 
changes in the angle of incidence are then correlated to * 
changes in the amount of molecules binding to the sur- 
face of the chemo-sensitive substance. 
[0004] It will be appreciated that this biosensor pro- 
vides an extremely convenient means for detecting the 
presence and the amount of a substance in a sample. £ 
However a drawback of the system is that the laser or 
grating coupler must be continually moved 
[0005] A further optical biosensor is disclosed in WO 



93/01487 and this optical biosensor permits the encou- 
pled light to be monitored without the use of moving 
parts. This biosensor relies on the use of a fan-shaped, 
monochromatic light field which may be coupled in and 
; out of the waveguiding structure. The outcoupled light 
field can be focussed to a point and the position of the 
point determined. Movement in the position of the point 
indicates changes in the effective refractive index of the 
waveguiding structure. 
> [0006] Optical biosensors provide a very convenient 
means of detecting the presence of substances without 
the use expensive reagents and labelling techniques. 
However at the present time, optical biosensors can on- 
ly be used to test single samples which must be placed 
; in special detection cells. Hence the laboratory techni- 
cian must transport a sample to the optical biosensor, 
load It into the biosensor, and monitor it. Afterwards the 
biosensor must be cleaned. This severely limits the ap- 
plication of optical biosensors. 
[0007] Accordingly in one aspect this invention pro- 
vides a detection cell for use as a component of an op- 
tical biosensor; the detection cell comprising a transpar- 
ent base plate and a sample plate on the base plate; the 
sample plate having a matrix of wells extending through 
it to each receive a sample, and the base plate including 
a waveguiding film and a diffraction grating means to 
incouple an incident light field into the waveguiding film 
beneath a well to generate a diffracted light field to en- 
able the detection of a change in the effective refractive 
index of the waveguiding film. 
[0008] Preferably the detection cell is of the same size 
and contains the same number of wells as a microtitre 
plate. Usually microtitre plates contain 6, 24 or 96 wells 
but the number of wells can vary as desired. Therefore 
the detection cell provides the significant advantage that 
it can be used in conjunction with standard fluid-han- 
dling systems existent in analytical laboratories. The flu- 
id handling systems can be used to clean the detection 
cell, and pipette samples into the detection cell, and 
move the detection cell from one position to the other. 
The optical biosensor, of which the detection cell is a 
component can then be used to analyse the contents 
of each well. Plainly the detection cell need not have a 
standard number of wells, any number of wells can be 
used. 

[0009] The base plate may be formed of a base sheet 
that is covered by the waveguiding film that has a higher 
refractive index than the base sheet. The diffraction 
grating means may be formed in the base sheet, be- 
tween the base sheet and the waveguiding film, or in the 
waveguiding film. Preferably the diffraction grating 
means is formed in the interface between the waveguid- 
ing film and the base sheet. 

[0010] The base plate may be releasibly fixed to the 
sample plate so that it can be detached from the sample 
plate and replaced. 

[0011] A separate diffraction grating means may be 
provided beneath each well or a single diffraction grating 
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means, that extends over substantially the entire base 
plate, may be provided. 

[C012] Preferably the waveguiding film is made of 
metal-oxide based materials such as Ta 2 0 5l T10 2t Ti0 2 - 
SiQ 2 . Hf0 2 , ZrC^ AljjO^ Si 3 N 4 , HfON, SiON, scandium 
oxide or mixtures thereof. Also suitable silicon nitrides 
or oxynitrides (for example HfO x Ny) may be used. How- 
ever, especially suited materials are Ta 2 O s , Hf 0 2 , S^, 
Zr0 2 , Al^ niobium oxide, or a mixture of SiO^ and Ti0 2 
or one of the oxinitrides HfON or SiON, especially Ti0 2 . 
Preferably the waveguiding film has a refractive index 
in the range 1.6 to 2.5. Also the thickness of the 
waveguiding film may be varied over the range 20 to 
1 000 nm, preferably 30 to 500 nm. The grating coupler 
preferabfy has a line density of 1 000 to 3000 lines per 
mm, for example 1200 to 2400 lines per mm. 
[001 3] The base sheet is preferably made of glass or 
plastics (polycarbonates) and preferably has a refrac- 
tive index in the range 1.3 to 1.7, for example 1.4 to 1.6. 
[001 4J Preferably the free surface of the waveguiding 
film is coated with a coupling layer that permits selective 
coupling of a specific substance in a well to the coupling 
layer. In this way, inaccuracies may be reduced. The 
coupling layer may be such that a reaction between it 
and the specific substance occurs resulting in a covalent 
bond or may rely on some other form of selective cou- 
pling such as antibody/antigen binding. Plainly the 
waveguiding film need not have a coupling layer if phys- 
ical absorption, for example, of the specific substance 
to it provides sufficient selectivity. 
[0015] In another aspect this invention provides an 
analytical system comprising a detection cell as defined 
above and a reading unit that comprises (i) at least one 
light source to generate and direct at least one incident 
light field onto the diffraction grating means beneath a 
well of the detection cell to provide mode excitation in 
the waveguiding film; (ii) at least one focusing means to 
focus the light field diffracted out of the waveguiding film 
beneath the well; and (Hi) at least one position sensitive 
detector to monitor the position of the focussed liqht 
field. 

[0016] Preferably the incident light field is generated 
by a laser. Also preferably more than one incident light 
field is provided; a light field being provided for each col- 
umn of the matrix of the detection cell. If more than one 
light field is provided, they may be generated by provid- 
ing (i) more than one light source, (ii) by splitting the field 
of a single light source, or (iii) by expanding a light field. 
Similarly more than one light detector may be provided; 
one light detector for each light field. 
[0017] The analytical system may also comprise a 
transport means to transport the detection ceil, from a 
filling station in which the wells of the detection cell are 
filled, to a position to enable cooperation with the read- 
ing unit. 

[001 8] The transport means may include position 
locking means so that the detection cell may be locked 
into exactly the same position with respect to the reading 



unit on each occasion that it Is desired. However the out- 
coupled light field alternatively may be scanned whilst 
the detection cell is moving with respect to the reading 
unit. 

5 [0019] In a further aspect this invention provides a 
method for the automated analysis of samples using an 
optical biosensor, the method comprising filling the wells 
of a detection cell as defined above with a carrier fluid; 
transporting the detection cell to a position to cooperate 

™ with a reading unit as defined above; mon itoring the out- 
coupled light from each well and recording it to provide 
a reference; transporting the detection cell to a pipetting 
station and pipetting a sample into each well; transport- 
ing the detection cell back to the reading unit and direct- 

1$ ing light onto the diffraction grating means in the detec- 
tion cell; monitoring the out-coupled light from each well; 
and comparing the results obtained to the reference. 
[0020] In a yet further aspect this invention provides 
a method for measuring the kinetics of a change in a 
20 sample, the method comprising filling the wells of a de- 
tection cell as defined above with a sample; transporting 
the detection cell to a position to enable cooperation with 
the reading unit as defined above; and monitoring re- 
peatedly at discrete intervals the different diffracted light 
2S fields from each well; the time of each discrete interval 
for any cell being less than the time required for the 
change. 

[0021] Embodiments of the invention are now de- 
scribed, by way of example only, with reference to the 
30 drawings in which: 



Figure 1 is a perspective view of a detection plate; 
Figure 2 is a cross-section on A-A' of figure 1 ; 
Figure 3 is an expanded view of area B of figure 2; 
35 Figure 4 is a schematic illustration of a biosensor 
system including a detection cell and a reading unit; 
Figures 5(a) to (h) illustrate schematically several 
configurations for the diffraction grating means be- 
neath a well; 

<o Figures 6(a) and (b) illustrate, schematically, con- 
figurations in which the absolute outcoupling angle 
may be determined; and 

Figures 7(a) to (g) illustrate schematically several 
configurations for the diffraction grating means. 

45 

[0022] Referring to figures 1 and 2, the detection cell 
2 is similar in shape and appearance to a standard mi- 
crotilre plate (in this case, a 96 well plate). The detection 
cell 2 is formed of a sample plate 4 which is rectangular 
s< > in plan and which has ninety-six wells 6 extending 
through it; from its upper surface to its lower surface. 
The wells 6 are arranged in a matrix of eight columns 
and twelve rows, each row being spaced an equal dis- 
tance from its neighbours and each column being 
ss spaced an equal distance from its neighbours. A base 
sheet 8 is affixed to the lower surface of the sample plate 
4 and seals off the bottom of the wells 6. The base sheet 
8 is preferably releastbly attached to the sample plate 4 
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so that it can be removed from the sample plate 4. This 
enables the base sheet 8 to be better washed or treated, 
or to be replaced when necessary. 
[0023] The base plate consisting o1 base sheet 8 and 
waveguiding film 1 2 can also be irreversibly attached to s 
the sample plate 4. This is attained for instance when 
the base plate and the sample plate 4 are uttrasonically 
welded together. Ultrasonic welding is possible although 
the waveguiding film 12 is not made up of a plastic ma- 
terial, w 
[0024] The base sheet 8 is made of a suitable trans- 
parent material such as glass or plastics (for example, 
polycarbonates), and contains a diffraction grating 10 
beneath each well 6. As is best illustrated in figure 3, 
the diffraction grating 10 is formed by a serrated inter- is 
face between the base sheet 8 and a waveguiding film 
12. The waveguiding film 12 has a refractive index of 
about 2.43 (which is higher than that of the base sheet 
8) and is made of TiO a . Other suitable materials such 
as Ta 2 0 5 , Ti0 2 , TiC^-SiOa, HfCfe, Zr0 2 , Al^, Si 3 N, nio- 20 
bium oxide, scandium oxide, oxynitrides (for example 
HfO x N y ), or mixtures thereof may be used. The thick- 
ness of the waveguiding film 1 2 is in the region of 20 to 
500 nm. The density of the gratings of the diffraction 
grating 10 is conveniently about 1 000 to 3000 lines per 2s 
mm. 

[0025] The diffraction grating 10 may be manufac- 
tured by lithography, embossing techniques or injection 
moulding. 

[0026] The bottom of each well 6 may be covered with 30 
a coupling layer 14 to which only specific substances 
will selectively bind. For example, the coupling layer 14 
can be made of an antibody which has been raised 
against a specific antigen. Therefore, if this antigen is 
present in the sample in the well 6, it will bind to the 3S 
antibody in the coupling layer. However other antigens 
and substances in the sample should not bind to the 
coupling layer 14. This coupling layer 14 may be pre- 
coated on the waveguiding film 12 or may be coated on 
by a technician before use. Also the coupling layer 14 40 
may be permanent or removable. 
[0027] Referring to f igu re 4, an example of a detection 
cell 2 in use is now described. First, a detection cell 2 
with or without a selected coupling layer 14 is chosen. 
The detection cell 2 is filled with a carrier fluid using fluid- 45 
handling equipment conventionally used with microtitre 
plates and is moved for example in the direction of Arrow 
C over a laser. 16. A suitable laser is a He-Ne laser 
(632.8 nm) or a laser diode. As the detection cell 2 
moves, the beam of light from the laser 16 strikes the so 
diffraction grating 10 of the first well 6 in a column. This 
beam of light is incoupled in the waveguiding film 1 2 and 
the out-coupled beam is directed at a detector 1 8 where 
its position is detected and recorded. A suitable detector 
is a CCD array or a position sensitive detector The laser ss 
and detector system disclosed in WO 93/01487 may be 
used. Fourier lenses are suitably used to focus the out- 
coupled to a point on the detector 18. 



[0028] The procedu re of moving the detection plate 2, 
scanning the diffraction grating 10 and detecting and re- 
cording the position of the out-coupled light is carried 
out for each well 6 in the column. To scan all the col- 
umns, a reading unit (comprising a light field and a de- 
tector) may be provided for each column. Alternatively, 
a reading unit may be moved along the row in the matrix 
before the detector plate 2 is moved to present the next 
row in the matrix. A suitable micro-processor (not 
shown) may be used to analyse and store the results. It 
is also possible to move the reading unit instead of the 
detector plate 2. 

[0029] Once all wells 6 have been scanned, the de- 
tector plate 2 is moved back and samples are pipetted 
into the wells 6 using fluid-handling equipment conven- 
tionally used with microtitre plates. The detector cell 2 
is then moved back to the reading unit to scan all wells 
6 as described above. The reading obtained for each 
well 6 after addition of the sample is then compared to 
that obtained before the addition of the sample. If sub- 
stances in the samples have bound to the coupling layer 
14 or the free surface of the waveguiding film 12, the 
reading obtained would change and this would indicate 
the presence of the substance. 
[0030] In some applications, the sample in certain 
wells may be replaced with carrier fluid before the de- 
tection cell 2 is moved back to the reading unit. This 
would ensure that the measured changes in the read- 
ings, with respect to the reference readings, caused by 
changes in the refractive index of the coupling layer 14, 
are detected. 

[0031 ] The optical biosensor may also be used to pro- 
vide information concerning the kinetics of a change in 
a sample; for example reaction kinetics. In this case the 
coupling layer 14 is selected such that a specific reac- 
tion product binds to it Then the reactants are intro- 
duced into the well and the build up of reaction product 
monitored. 

[0032] Conveniently, this may be done in more than 
one welt simultaneously; each well being monitored for 
a discrete time and then the next well being monitored 
and so on before returning to monitor the first well again. 
However the time taken to cycle back to any well must 
be less (preferably much less) than the time taken for 
the reaction to reach completion. It is also possible to 
use multiple incident-light fields to monitor several wells 
simultaneously. This will remove the need to cycle be- 
tween wells. 

[0033] Since an optical biosensor detects small 
changes in angles, it is necessary (if no other steps are 
taken) for the detector cell 2, after the wells have been 
filled with a sample, to be returned to exactly the same 
spacial and angular position with respect to the reading 
unit as previously. If this is not done, the measurements 
taken cannot be compared with the reference measure- 
ments. 

[0034] The need for precise positioning of the light 
beam with respect to the diffraction grating may be 
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avoided (i) by the use of an extended grating structure 
which may be unidiffractionat or multidiffractional (this 
is illustrated in Figures 5(a) and 5(b)) or (ii) discrete dif- 
fraction grating structures which are moved continuous- 
ly with respect to the incident light beam (or vice versa). 
Mode excitation occurs when the incident light field im- 
pinges on an incoupling grating. Position sensitive de- 
tectors 18 then measure the positions of the outcoupled 
light beams; preferably at the positions of maximum in- 
coupling. In this way, the need to return the detector cells 
2 to exactly the same position with respect to the light 
beam can be avoided. 

[0035] To prevent small inaccuracies in the angular 
position of the detection cell, the reading unit is prefer- 
ably such that each well is illuminated with two incident 
light fields that induce mode excitation in counterprop- 
agating directions. Also each of the two outcoupled light 
fields Is monitored with a separate position sensitive 
light detector that measures the angular position of the 
outcoupled light field. The absolute outcoupling angle 
may then be determined by comparing the two readings 
obtained from the position sensitive detectors. A suita- 
ble method of calculating the absolute outcoupling angle 
is described be tow with reference to figure 6. 
[0036] The line densities of the incoupling grating may 
be chosen so that mode excitation in forward and rear- 
ward directions can be brought about by one incident 
light field of fan shape. One part of the light beam causes 
mode excitation in the forward direction and the other 
part causes mode excitation in the rearward direction, 
(this is illustrated in Figures 5(a) and (c)). 
[0037] In figures 5(a) and (b), a fan shaped, incident 
light beam (30) is incoupled in forward and rearward di- 
rections in a waveguiding film 12 having a continuous 
grating. Outcoupled light in the forward direction is de- 
tected by a forward detector 32 and outcoupled light in 
the rearward direction is detected by a rear detector 34. 
The detector cell 2 need not have separate diffraction 
gratings 10 beneath each well 6; instead a single diffrac- 
tion grating means that extends across most of the lower 
face of the sample plate 4 may be used. The line density 
of the grating plainly can be varied as desired and need 
not be the density given above. Also the discrete diffrac- 
tion grating structures may themselves be composed of 
discrete gratings of preferably different line densities 
(this is illustrated in figures 5(c) to (h). 
[0038] In figures 5(c) and (d), a fan shaped, incident 
light beam (30) is incoupled in forward and rearward di- 
rections in a waveguiding film 1 2 having an incoupling 
grating Gj positioned between two outcoupling gratings 
G 0 . Outcoupled light in the forward direction is detected 
by a forward detector 32 and outcoupled light in the rear- 
ward direction is detected by a rear detector 34. The two 
outcoupling gratings G 0 may be replaced by a single 
large grating. In this case, two gratings would be present 
in the incoupling region. By choosing a high line density 
for the incoupling grating G,, free diffracted light, which 
would be disturbing, may be minimized. 



[0039] In figures 5(e) and (f), a fan shaped, incident 
light beam (30) is incoupled in forward and rearward di- 
rections in a waveguiding film 12 having two incoupling 
gratings G, positioned about an outcoupling grating G 0 . 
s Outcoupled light in the forward direction is detected by 
a forward detector 32 and outcoupled light in the rear- 
ward direction is detected by a rear detector 34. For sim- 
plicity, the forward and rearward situations are shown 
separately but the two incoupling gratings Gj are pref- 
io erably illuminated simultaneously by two, different fan 
shaped light beams. The incoupling and outcoupling 
gratings may have the same line density and may form 
one large discrete diffraction grating. 
[0040] In figures 5(g) and (h), a fan shaped, incident 
is light beam (30) is incoupled in forward and rearward di- 
rections in a waveguiding film 12 having two incoupling 
gratings Gj positioned about two outcoupling gratings 
G 0 . Outcoupled light in the forward direction is detected 
by a forward detector 32 and outcoupled light in the rear- 
warddirectionisdetectedbyareardetector34. Forsim- 
plicity, the forward and rearward situations are shown 
separately. For all off-line incubation applications (with 
or without using microtitre plates) the determination of 
an absolute sensor signal (for example an absolute out- 
25 coupling angle) is necessary. Outcoupling of a forward 
and rearward propagating mode using one grating is de- 
scribed in SPIE, \fol 1141, 192 to 200. 
[0041] Outcoupling of a forward and rearward propa- 
gating mode using one grating is also described in WO 
30 93/01487. 

[0042] A further possibility for determining absolute 
outcoupling angles consists in using two discrete out- 
coupling gratings or at least two different regions of a 
single extended outcoupling grating. 
35 [0043] An example is illustrated in figure 6 where two 
different outcoupling gratings G 0 (or two different parts 
of one outcoupling grating) are used for outcoupling of 
the forward and rearward propagating mode. Incoupling 
occurs by diffraction of an incident, fan-shaped light field 
40 and this permits simultaneous excitation of two guided 
modes propagating in forward and rearward directions. 
The two outcoupling gratings G 0 operate as sensor grat- 
ings and are coated with a coupling layer 1 4. As may be 
seen from Figure 6(a), the same grating regions would 
^5 be illustrated by the forward propagating mode (or the 
rearward propagating mode respectively) during the ref- 
erence measurement and the measurement after incu- 
bation. 

[0044] The outcoupling anglesare calculated from the 
so positions X., X* of the focussed light spots on the two 
position sensitive detectors 32, 34 (see figure 6(a)). 
Small lateral displacements of the position sensitive de- 
tectors 32, 34 in the x-direction with respect to the read- 
ing unit do not result in a change in the positions X, X + 
55 since Fourier lenses are used. However tilting of the po- 
sition sensitive detectors with respect to the x-axis caus- 
es changes in the positions X, X + . In the configuration 
illustrated in figure 6(a), the absolute outcoupling angle 
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may be calcufated by first determining the absolute po- 
sition Xaba which is defined as 

Xab. = IV(X + -X.)/2| 

where X + and X. are measured with respect to x = 0 
which is the mean position of the two position sensitive 
detectors. The absolute outcoupling angle is then 
obtained from 



where D is the distance between the optical axes of the 
two Fourier lenses and f is their focal distance. 
[0045] In figure 6(b) an arrangement is illustrated in 
which the beams are more separated angularly. There- 
fore a closer arrangement of the gratings is possible. 
[0046] The diffraction grating structure may contain 
gratings in two directions; preferably normal directions. 
The gratings in one direction need not be of the same 
line density as those in the opposite direction. Possible 
configurations are illustrated in figures 7 (a) to (g). 
[0047] In figures 7(a) to 7(e), the gratings beneath ad- 
jacent wells are discrete. In figure 7(a) the gratings be- 
neath some of the wells extend at right angles to those 
beneath their neighbours. In figure 7(b) the gratings be- 
neath the wells at the edges extend at right angles to 
those beneath the adjacent edge wells. In figure 7(c) the 
gratings beneath some of the wells extend in two, per- 
pendicular directions. In figure 7(d), the gratings be- 
neath wells at the edges in a row or column extend in 
two, perpendicular directions; the gratings beneath the 
remaining wells extending in one direction only. In figure 
7(e), the gratings beneath all wells in a row or column 
extend at right angles to those beneath wells in adjacent 
rows or columns. In figure 7(f), the gratings beneath all 
wells in a row or column extend at right angles to those 
beneath wells in adjacent rows or columns but the grat- 
ings are continuous over the row or column. In figure 7 
(g), two perpendicular gratings extend continuously be- 
neath ail wells. Diffraction gratings orientated perpen- 
dicularly to each other permit the determination of the 
angle of autocollimation in the two normal directions and 
therefore the tilt of the base sheet 8. 
[0048] The diffraction grating structure need not be 
positioned at the interface between the base sheet 8 and 
the waveguiding film 12 but can be positioned in the 
base sheet 8 or in the waveguiding film 12. 
[0049] In another embodiment, a low index buffer lay- 
er may be positioned between the base sheet 8 and the 
waveguiding film 12 and the grating integrated in the 
base sheet 8. The grating may also be located at the 
surface opposite to the waveguiding film 12. 
[0050] It will also be appreciated that the detection cell 
2 may contain as many wells 6 as desired. 
[0051] It will be appreciated that the invention can be 
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used to detect the presence of antigens or antibodies in 
a sample and hence replace conventional immu- 
noassays which require labelling of some sort. Also the 
invention can be used to detect antigens to receptors 
and vice versa. In further applications, the invention can 
be used to quantify nucleotide molecules in a sample 
and therefore the invention has application in PCR proc- 
esses. 

[0052] The invention provides the significant advan- 
tage that analysis of samples may be done in a highly 
automated, rapid fashion using, for the most part, con- 
ventional fluid handling equipment. Moreover, since op- 
tical biosensors do not require the use of radiolabels or 
large quantities of reagents, little, if any, hazardous 
waste is produced. 



Claims 

20 1 . A detection celt for use as a component of an optical 
biosensor; the detection cell comprising a transpar- 
ent base plate and a sample plate on the base plate; 
the sample plate having a matrix of wells extending 
through it to each receive a sample, and the base 
plate including a waveguiding film and a diffraction 
grating means to incouple an incident light field into 
the waveguiding film beneath a well to generate a 
diffracted light field to enable the detection of a 
change in the effective refractive index of the 
waveguiding film. 

2. A detection cell according to claim 1 which is of the 
same size and contains the same number of wells 
as a mierotitre plate. 



3. A detection cell according to claim 1 or claim 2 in 
which the diffraction grating means is formed in the 
interface between the waveguiding film and the 
base plate. 

4. A detection cell according to any one of claims 1 to 

3 in which the diffraction grating means has two 
types of gratings; the lines of one type being orien- 
tated at right angles to the lines of the other set. 

5. A detection cell according to any one of claims 1 to 

4 that has a discrete diffraction grating means be- 
neath each well. 



so s. A detection cell according to any one of claims 1 to 
5 in which the free surface of the waveguiding film 
^ is coated with a coupling layer that permits selective 
coupling of a substance in a well to the coupling lay- 
er. 



55 



7. A detection cell according to one of the claims 1 to 
6 where the waveguiding layer is titanium dioxide. 
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8. A detection cell according to one of the claims 1 to 
6 where the waveguiding layer is one of the oxides 
Ta 2 O s , Hf0 2 , Si 3 N 4 , Zr0 2 , niobium oxide, AI 2 O a or 
a mixture of Si0 2 and TiO a or one of the oxinitrides 
HfON or SiON. 

9. An analytical system comprising a detection cell as 
defined in any one of claims 1 to 8 and a reading 
unit that comprises (i) at least one light source to 
generate and direct at least one light field onto the 
diffraction grating means beneath a well of the de- 
tection cell to provide mode excitation in the 
waveguiding film; (ii) at least one focusing means 
to focus the light field diffracted out of the waveguid- 
ing film beneath the well; and (iii) at least one posi- 
tion sensitive detector to monitor the position of the 
focussed light field. 

10. An analytical system according to claim 9 in which 
the at least one light source generates two symmet- 
rically disposed, fan-shaped, light fields that are di- 
rected onto the diffraction grating means beneath 
the well of the detection cell to provide mode exci- 
tation in counterpropagating directions, and the 
reading unit has two symmetrically disposed posi- 
tion sensitive light detectors to monitor the diffract- 
ed light fields. 

11. An analytical system according to claim 9 or claim 
1 0 having a reading unit for each column of the ma- 
trix of the detection cell. 

1 2. An analytical system according to any one of claims 
9 to 11 further comprising a transport means to 
transport the detection cell, from a filling station in 
which the wells of the detection cell are filled, to a 
position to cooperate with the reading unit 

13. An analytical system according to claim 12 in which 
the transport means includes position locking 
means so that the detection cell may be locked into 
exactly the same position with respect to the read- 
ing unit on each occasion that it is desired. 

14. An analytical system according to claim 12 in which 
the transport means moves the detection cell con- 
tinuously with respect to the reading unit to permit 
the reading unit to scan the light fields diffracted 
from the diffraction grating means. 

15. A method for the automated analysis of samples us- 
ing an optical biosensor, the method comprising fill- 
ing the wells of a detection cell as defined in any 
one of claims 1 to 8 with a carrier fluid; transporting 
the detection cell to a position to cooperate with a 
reading unit as defined in any one of claims 9 to 11; 
monitoring the out-coupled light from each well and 
recording it to provide a reference; transporting the 
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detection cell to a pipetting station and pipetting a 
sample into each well; transporting the detection 
cell back to the reading unit and directing light onto 
the diffraction grating means in the detection cell; 
monitoring the out-coupled light from each well; and 
comparing the results obtained to the reference. 

1 6. A method for the automated analysis of samples us- 
ing an optical biosensor, the method comprising fill- 
ing the wells of a detection ceil as defined in any 
one of claims 1 to 8 with a carrier fluid; transporting 
the detection cell to a position to cooperate with a 
reading unit as defined in any one of claims 9 to 1 1 ; 
monitoring the out-coupled light from each well and 
recording it to provide a reference; transporting the 
detection cell to a pipetting station and pipetting a 
sample into each well; transporting the detection 
cell back to the reading unit and directing light onto 
the diffraction grating means in the detection cell; 
monitoring the out-coupled light from each well; re- 
placing the samples with carrier fluid; transporting 
the detection cell back to the reading unit and di- 
recting light onto the diffraction grating means in the 
detection eel!; monitoring the out-coupled light from 
each well to provide a second reference; and com- 
paring the results for the samples to the references. 

17. A method for measuring the kinetics of a change in 
a sample, the method comprising Ailing the wells of 
a detection cell as defined in any one of claims 1 to 
8 with a sample; transporting the detection cell to a 
position to enable cooperation with the reading unit 
as defined in claims 9 to 11 ; and monitoring repeat- 
edly at discrete intervals the different diffracted light 
fields from each well; the time of each discrete in- 
terval for any well being less than the time required 
for the change. 



40 Patentaneprflche 



Detektionszellezum Gebrauch als eine Komponen- 
te eines optischen Biosensors, wobei die Detekti- 
onszelle eine transparente Qrundplatte und eine 
Probenplatte auf der Grundplatte umfaSt, wobei die 
Probanplatte eine Matrix von Vertiefungen auf- 
weist, die sich durch sie erstrecken, urn jeweils eine 
Probe aufzunehmen, und wobei die Grundplatte ei- 
nen wellenleitenden Film und eine Beugungsgitter- 
einrichtung beinhaltet, um ein einfallendes Lichtfeld 
in den wellenleitenden Film unterhalb einer Vertie- 
itfung einzukoppeln, um ein gebeugtes Lichtfeld zu 
erzeugen, um die Ermittlung eines Wechsels in dem 
effektiven Brechungsindex des wellenleitenden 
Films zu ermoglichen. 
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2. Detektionszefle nach Anspruch 1 , welche von der 
gleichen GroBe ist und die gleiche Anzahl von Ver- 
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3. 



4. 



5. 



6. 



7. 



9. 



tiefungen wie eine Mikrotiterplatte enthatt. 

Detektionszelle nach Anspruch 1 oder Anspruch 2, 
in welcher die Beugungsgittereinrichtung an der 
Grenzflache zwischen dam wellenleitenden Film 5 
und der Grundplatte gebifdet ist. 

Detektionszelle nach einem der Anspriiche 1 bis 3 t 
bei welcher die Beugungsgittereinrichtung zwei Ar- 
ten von Gittern aufweist, wobei die Lin ien des einen 10 
Typs rechtwinklig zu den Linien des anderen Satzes 
orientiert sind. 

Detektionszelle nach einem der Ansprflche 1 bis 4, 
die eine diskrete Beugungsgittereinrichtung unter- is 
halb jeder Vertiefung aufweist. 

Detektionszelle nach einem der AnsprOche 1 bis 5, 
bei welcher die freie Oberflache des wellenleiten- 
den Films mlt einer Kopplungsschicht beschichtet so 
ist, die die selektive Kopplung einer Substanz in ei- 
ner Vertiefung an die Kopplungsschicht erlaubt 

Detektionszelle nach einem der AnsprOche 1 bis 6, 
bei der die wellenleitende Schicht Titandioxid ist 2S 

Detektionszelle nach einem der AnsprOche 1 bis 6, 
bei welcher die wellenleitende Schicht eines der 
Oxide Ta^, Hf0 2 , Si 3 N 4 , Zr0 2 , Nioboxid, Aljpg, 
oder eine Mischung aus Si0 2 und T0 2 oder eines 30 
der Oxynitride HfON oder SiON ist. 

Analytiksystem mit einer Detektionszelle wie in ei- 
nem der Anspriiche 1 bis 8 definiert und einer Le- 
seeinheit, die umfaflt: (i) zumindest eine Lichtquel- 3$ 
le, urn zumindest ein Lichtfeld zu erzeugen und auf 
die Beugungsgittereinrichtung unterhalb einer Ver- 
tiefung der Detektionszelle zu richten, urn eine Wel- 
lenformanregung in dem wellenleitenden Film be- 
reitzustellen; (ii) zumindest eine Fokussiereinrich- 40 
tung, urn das Lichtfeld, das aus dem wellenleiten- 
den Film unterhalb der Vertiefung heraus gebeugt 
wird, zu fokussieren; und (iii) zumindest einen po- 
sitionsempfindlichen Detektor, urn die Position des 
fokussierten Lichtfelds zu Oberwachen. 4S 



so 



10. Analytiksystem nach Anspruch 9, bei welchem die 
zumindestaine Lichtquelle zwei symmetrisch ange- 
ordnete, facher-formige Lichtfelder erzeugt, die auf 
die Beugungsgittereinrichtung unterhalb der Vertie- 
fung der Detektionszelle gerichtet sind, um eine 
Wellenformanregung in entgegenlaufenden Rich- 
tungen bereitzustellen, und bei der die Leseeinheit 
zwei symmetrisch angeordnete positionsempflind- 
iiche Lichtdetektoren aufweist, um die gebeugten ss 
Lichtfelder zu Oberwachen. 

11. Analytiksystem nach Anspruch 9 oder 10, welches 



eine Leseeinheit f Or jede Spalte der Matrix der De- 
tektionszelle aufweist. 

12. Analytiksystem nach einem der AnsprOche 9 bis 1 1 , 
das weiterhin eine Transporteinrichtung umfaGt, um 
die Detektionszelle von einer Fullstation, bei der die 
Vertiefungen der Detektionszelle gefuflt werden, zu 
einer Position zu transportieren, um mit der Lese- 
einheit zusammenzuwirken. 

1 3. Analytiksystem nach Anspruch 1 2, bei welchem die 
Transporteinrichtung eine Positionsverriegelungs- 
einrichtung beinhaltet, so daB die Detektionszelle 
in exakt der gleichen Position bezQglich der Lese- 
einheit bei jeder Gelegenheit, bei der es gewOnscht 
ist, verriegelt werden kann. 

14. Analytiksystem nach Anspruch 12, bei welchem die 
Transporteinrichtung die Detektionszelle kontinu- 
ieriich bezOglich der Leseeinheit bewegt, um der 
Leseeinheit zu erlauben die von der Beugungsgit- 
tereinrichtung gebeugten Lichtfelder zu scannen. 

15. Verfahren fOr die automatisierte Analyse von Pro- 
ben unter Verwendung eines optischen Biosensors, 
wobei das Verfahren umfaSt: Fullen der Vertiefun- 
gen einer Detektionszelle, wie sie in einem der An- 
sprOche 1 bis 8 definiert wurde, mit einem Trager- 
fluid; Transportieren der Detektionszelle zu einer 
Position, um mit einer Leseeinheit wie in einem der 
Ansprflche 9 bis 11 definiert, zusammenzuwirken; 
Oberwachen des aus jeder Vertiefung ausgekop- 
pelten Lichts und Speichern desselben, um eine 
Referenz bereitzustellen; Transportieren der De- 
tektionszelle zu einer Pipettierstation und Pipettie- 
ren einer Probe in jede Vertiefung; Transportieren 
der Detektionszelle zurOck zur Leseeinheit und 
Richten von Licht auf die Beugungsgittereinrich- 
tung in der Detektionszelle; Oberwachen des aus 
jeder Vertiefung ausgekoppelten Lichts; und Ver- 
gleichen der erhattenen Ergebnisse mit der Refe- 
renz. 

16. Verfahren fOr die automatisierte Analyse von Pro- 
ben unter Verwendung eines optischen Biosensors, 
wobei die Methode umfaBt: FOIIen der Vertiefung ei- 
ner Detektionszelle, wie sie in einem der AnsprOche 
1 bis 8 definiert ist, mit einem Tragerfluid; Transpor- 
tieren der Detektionszelle zu einer Position, um mit 
einer Leseeinheit, wie sie in einem der AnsprOche 
9 bis 11 definiert ist, zusammenzuwirken, Oberwa- 
chen des aus jeder Vertiefung ausgekoppelten 
Lichts und Speichern desselben, um eine Referenz 
bereitzustellen; Transportieren der Detektionszelle 
zu einer Pipettierstation und Pipettieren einer Probe 
in jede Vertiefung; "nransportieren der Detektions- 
zelle zurflck zur Leseeinheit und Richten von Licht 
auf die Beugungsgittereinrichtung in der Detekti- 
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onszelle; Oberwachen des aus jeder Vertiefung 
ausgekoppelten Lichts; Ersetzen der Proben mit 
TragerflukJ; Transportieren der Detektionszelle zu- 
ruck zu der Leseeinheit und Richten von Licht auf 
die Beugungs^ittereinrichtung in der Detektionszel- s 
le; Oberwachen des aus jeder Vertiefung ausge- 
koppelten Lichts, um eine zweite Referenz bereit- 
zustellen; und Vergteichen der Ergebnisse fur die 
Proben mit den Referenzen. 

10 

17. Verfahren zum Messen der Kinetik eines Wechsels 
in einer Probe, wobei das Verfahren umfaBt: Fullen 
der Vertiefungen einer Detektionszelle, wie sie in ei- 
nem der Anspruche 1 bis 8 definiert ist, mit einer 
Probe; Transportieren der Detektionszelle zu einer is 
Position, um ein Zusammenwirken mit der Leseein- 
heit, wie sie in den Anspruchen 9 bis 11 definiert ist, 
zu ermoglichen; und wiederholtes Oberwachen der 
verschiedenen gebeugten Lichtfelder aus jeder 
Vertiefung in diskreten I ntervallen; wobei die Zeit f Or 20 
jedes diskrete interval! fur jede Vertiefung geringer 
ist ats die erforderliche Zeit fur den Wechsel. 



Revendicatlons 



3. Cellule de defection selon la revendication 1 ou la 
revendication 2, dans laquelle le moyen formant r&- 
seau de diffraction est forms' dans I'interf ace entre 
le film guide d'ondes et la plaque de base. 



2S 



1. Cellule de detection destined a servtr d'6l6ment 
d'un biocapteur optique, la cellule de detection com- 
prenant une plaque de base transparente et une 
plaque d'echantiilons dispose* e sur la plaque de ba- 30 
se, la plaque d'echantiilons comportant une matrice 

de puits qui s'etendent a travers elle pour recevoir 
chacun un dchantillon, et la plaque de base com- 
prenant un film guide d'ondes et un moyen formant 
reseau de diffraction pour recevoir un champ lumi- 3$ 
neux incident dans le film guide d'ondes au-des- 
sous d'un puits afin de g6n6rer un champ iumineux 
diffractd pour permettre la detection d'une variation 
de I'indice de refraction effectif du film guide d'on- 
des. 40 

2. Cellule de detection selon la revendication 1, de 
m§me taille et contenant le mSme nombre de puits 
qu'une microplaque. 
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4. Cellule de detection selon I'une quelconque des re- 
vendications 1 a 3, dans laquelle le moyen formant 
reseau de diffraction comporte deux types de r£- 
seaux, les llgnes de run des types etant orientees 
perpendiculairement par rapport aux lignes de ss 
('autre type. 

5. Cellule de detection selon Tune quelconque des re- 



vendications 1 a 4, comportant un moyen formant 
rdseau de diffraction discret au-dessous de chaque 
puits. 

6. Cellule de detection selon I'une quelconque des re- 
vendications 1 a 5, dans laquelle la surface libre du 
film guide d'ondes est revet ue d'une couche de 
liaison permettant une liaison selective d'une subs- 
tance presente dans un puits avec elle. 

7. Cellule de detection selon I'une quelconque des re- 
vendications 1 a 6, dans laquelle la couche guide 
d'ondes est constitute de dioxyde de titane. 

8. Cellule de detection selon I'une quelconque des re- 
' vendications 1 a 6, dans laquelle la couche guide 
d'ondes est constitute de I'un des oxydes Ta 2 O s , 
HfO z , Si 3 N 4 , Zr0 2 , oxyde de niobium, Al^ ou 
d'un melange de Si0 2 et VD 2 ou de I'un des oxyni- 
trures HfON ou SiON. 

9. Systeme analytique comprenant une cellule de De- 
tection, telle que ddfinie dans Cune quelconque des 
revendications 1 a 8, et une unite de lecture com- 
prenant (i) au moins une source de lumtere pour ge- 
n6rer et dinger au moins un champ Iumineux sur le 
moyen formant reseau de diffraction au-dessous 
d'un puits de la cellule de detection afin de permet- 
tre une excitation de mode dans le film guide d'on- 
des, (ii) au moins un moyen de f ocalisation pour fo- 
caliser le champ Iumineux diffracts hors du film gui- 
de d'ondes au-dessous du puits, et (i ii) au moins un 
detecteur sensible a une position pour contrdler la 
position du champ Iumineux focalise. 

10. Systeme analytique selon la revendication 9, dans 
lequel la source de lumtere genere deux champs 
Iumineux en forme d'eventail disposers de maniere 
symdtrique qui sont diriges sur le moyen formant 
reseau de diffraction au-dessous du puits de la cel- 
lule de detection pour permettre une excitation de 
mode dans des directions de propagation oppo- 
sees, Punite de lecture comportant deux detecteurs 
de lumiere sensibles a une position disposes de 
maniere symdtrique pour contrdler les champs Iu- 
mineux diffractds. 

11. Systeme analytique selon la revendication 9ou la 
revendication 10, comportant une unite de lecture 
pour chaque colon ne de la matrice de la cellule de 
detection. 

12. Systeme analytique selon Tune quelconque des re- 
vendications 9 a 11, comprenant egalement un 
moyen de transport pour transporter la cellule de 
detection d'un poste de remplissage dans lequel les 
puits de la cellule de detection sont remplis jusqu'a 
une position permettant une cooperation avec I'uni- 
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t6 de lecture. 

13. Systeme analytique sefon la revendication 12, dans 
lequel le moyen de transport comprend un moyen 

de blocage de position pour per nettre de bloquer s 
la cellule de detection exactement dans la mSme 
position par rapport a i'unrtd de lecture a chaque 
fois qu'on le souhaite. 

1 4. Systeme analytique selon la revendication 1 2, dans io 
lequel le moyen de transport deplace la cellule de 
detection de maniere continue par rapport a I'unite 

de lecture pour permettre a cette demiere de ba- 
layer les champs lumineux diffracted par le moyen 
formant reseau de diffraction. is 

15. Precede d'anafyse automatisee d'echantillons a 
I'aide d'un biocapteur optique, le proc6de compre- 
nant les Stapes qui consistent a remplir d'un fluide 
porteur les puits d'une cellule de detection telle que 20 
definie dans Tune quelconque des revendlcatlons 1 

a 8 ; a transporter la cellule de detection jusqu'a une 
position perrnettant une cooperation avec une unite" 
de lecture telle que definie dans Tune quelconque 
des revendications 9 a 11 ; a contr6ler la lumiere 2s 
emise a partir de chaque puits et a I'enregistrer pour 
etablir une reference ; a transporter la cellule de de- 
tection jusqu'a un poste de pipetage et a pipeter un 
echantillon dans chaque puits ; a retransporter la 
cellule de detection jusqu'a ('unite de lecture et a 30 
dinger une lumiere sur le moyen formant reseau de 
diffraction dans la cellule de detection ; a contrdter 
la lumiere emise a partir de chaque puits ; et a com- 
parer les rSsultats obtenus avec ia reference. 

35 

16. Procedd d'analyse automatisee d'echantillons a 
I'aide d'un biocapteur optique, le precede compre- 
nant les Stapes qui consistent a remplir d'un fluide 
porteur les puits d'une cellule de detection telle que 
definie dans Tune quelconque des revendications 1 40 
a 8 ; a transporter la cellule de detection jusqu'a une 
position perrnettant une cooperation avec une unite 
de lecture telle que definie dans Pune quelconque 
des revendications 9 a 11 ; a controler la lumiere 
6mise a partir de chaque puits et a I'enregistrer pour 4S 
etablir une reference ; a transporter la cellule de de- 
tection jusqu'a un poste de pipetage et a pipeter un 
echantillon- dans chaque puits ; a retransporter la 
cellule de detection jusqu'a I'unite de lecture et a 
dinger une Iumi6re sur le moyen formant reseau de so 
diffraction dans la cellule de detection ; a contrdler 
la lumiere emise a partir de chaque puits ; a rem- 
placer fes 6chantillons par un fluide porteur; a re- 
transporter la cellule de detection jusqu'a I'unite de 
lecture et a diriger une lumidre sur le moyen formant ss 
reseau de diffraction dans la cellule de detection ; 
a contrdler la lumiere emise a partir de chaque puits 
pour etablir une seconde reference ; et a comparer 



les r6sultats obtenus pour les echantillons avec les 
references. 

Proc6de de mesure de la cinetique d'une variation 
d'un echantillon, le proc6d6 comprenant les etapes 
qui consistent a remplir d'un echantillon les puits 
d'une cellule de detection telle que definie dans 
I'une quelconque des revendications 1 a 8 ; a trans- 
porter la cellule de detection jusqu'a une position 
perrnettant une cooperation avec ('unite de lecture 
telle que definie dans les revendications 9 a 11 ; et 
a contrdler de maniere repetee a intervalles discrets 
les diff6rents champs lumineux diffract6s a partir de 
chaque puits ; la duree de chaque intervalle discret 
pour tous les puits etant inferieure au temps neces- 
saire a la variation. 
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Figure 1 




Figure 2 
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Figure 5 (M) ' 
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